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GEOPHYSICS.—The solution and colloidal dispersion of minerals in 
water... P. G. Nurrine, U. 8. Geological Survey. 


During ordinary weathering, parts of decomposed rocks go into 
solution and into suspension in water solutions that are usually either 
very dilute and abundant or else nearly saturated and scanty. Little 
is known of the details of what goes on but there are indications that 
the same parent rock may yield a number of different types of clays 
and soils under different conditions and degrees of weathering and it 
seemed worth while to attack the problem in the laboratory. The 
clay material of a decomposed granite has been converted into a 
bleaching clay and a commercial bleaching clay into a plastic ball clay 
by water treatment alone. The experiments leading to these results 
and some of the theory will be briefly summarized in this paper. 

Since a clay suspension in water is most stable at the isoelectric 
point, it follows that the isoelectric condition is most favorable for 
particles: leaving the parent solid and going into suspension. The 
amphoteric oxides (of Fe, Al and Si), of which most detrital rocks are 
chiefly composed, will therefore disperse most readily in pure water 
or in water carrying these same materials in solution. In the absence 
of chemical reaction, solution ordinarily occurs most readily in pure 
water and is only slightly affected by materials other than alkalies in 
suspension or solution. Although suspensions and solutions of the 
same material shade into each other as molecular dimensions are 
approavhed, neither appear to have any influence on the concentration 
of the other aside from the very slight one indicated by kinetic theory. 

A clay put in 4 to 10 times its weight of distilled water in a pyrex 
glass and kept at 80°C. will reach half saturation in about one or two 
hours, at room temperature in about 24 hours. The usual program 

1 Published by permission of the Director, U. 8. Geological Survey. Received 
April 8, 1932. 
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was to heat on a steam bath (75-80°C.) for 20 hours, then filter through 
the clay itself. Room temperature saturation is usually about 2/3 the 
concentration reached at 80°C. The clear filtrate, showing no scat- 
tered light in a strong beam, may be concentrated to about a hundredth 
of its volume before precipitation begins. A hot clear filtrate may be 
cooled without any precipitation. But if a solution is boiled down in 
contact with the clay, its concentration is not increased on evaporation, 
indicating that the solution is saturated. Solutions of clays and rocks 
therefore are saturated at low concentration but these saturated solu- 
tions are capable of high supersaturation if evaporation takes place 
away from contact with the dissolved material. 

The chief materials studied were decomposed granites from the 
District of Columbia, diabase from Virginia, two commercial bleaching 
clays, weathered dunite from Webster, N. C., two bentonites and a 
number of silica gels used as comparison standards. The objective 
was to find the effect of long continued treatment with pure water, 


TABLE 1.—Propertizes or Stasue Sixica So.s. 
Parts per million 
Concentration 
I i Oo sd tel venaees Feniamebntsinesin’ é 
Solubility, H,O, 100°C 
Salt residue 


and incidentally to find limits of concentration, the nature of the 
material dissolved and in suspension, surface activation and the rela- 
tion, if any, between dissolved and suspended matter. 

A freshly made silica gel, stabilized and washed free from salt, goes 
over into a sol on standing two or three weeks. This sol gradually 
settles into three stable layers containing approximately 2, 6, and 16 
grams per liter of silica in solution and suspension, any excess silica 
settling out as a floc. Samples removed with a pipette gave the data 
(taken in 1926) given in Table 1. Weight of solids was taken after 
heating to about 200°C. Dialysis was through a 60 em.? collodion 
membrane for two weeks. The solubilities are of the ignited (800°C.) 
residues and showed no decrease on repetition of the test. Decided 
differences between the three stable sols are indicated. Impurities 
(salts, ete.) were less than 2 parts per million. The presence of acids 
or of acid or neutral salts in the water appears to have but little effect 
on the solubility but the presence of alkalies or of strongly basic salts 
has a large effect. The addition of sodium chloride precipitated - all 
but 100 parts per million of silica in each experiment. 
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An interesting relation was found between the amount of solids left 
in suspension and the salt (NaCl) concentration, namely 


OS, threes 
ae 


in which C is the silica and s the salt concentration in grams per liter, 
and the constant k is 0.30. The maximum concentration of silica, 
Cy, is either 2, 6, or 16 grams per liter according to the sol used, while 
the minimum concentration C.. obtained with excess salt is 0.10 gram 
per liter for all these sols. Half the maximum concentration of silica 
is given by the addition of 2.50, 2.37, and 2.33 grams per liter of salt 
to the three sols. 

Silica gel, granulated, gave a solubility at 75° of about 300 parts per 
million, at room temperature about 180 parts per million. Three 
samples were of my own preparation, one was commercial (Patrick). 
In concentrating the solutions (50 cc. in a platinum dish), precipita- 
tion began only at concentrations in the neighborhood of 16 grams per 
liter, which appears to be the upper limit of supersaturation. The 
stable suspension of this concentration mentioned above began to 
precipitate at once on boiling down. 

Decomposed granite from the District of Columbia, high in iron 
but containing free quartz grains, was dried and put through a 150 
mesh (0.10 mm.) sieve. This showed an initial saturation of 73 
parts per million and a decrease to 50 parts per million in the fourth 
wash and 35 parts per million in the eighth. Some of the clay from 
the fourth wash was kept at 75°C. for two weeks when it gave 54 
parts per million. Several solutions of this granite were concentrated 
in Pyrex vessels, then filtered through paper (S & S, 589, blue ribbon). 
One gave 4500 parts per million after filtering. Others boiled down in 
the flask with the clay to a tenth the original volume showed no increase 
in concentration. The solubility of this clay .appears to steadily 
decrease. After 9 washes a small sample (15 grams in 1500 cc.) was 
put in a large excess of water in an attempt to reach an end point. 
After 3 weeks in 3 changes of water, (equivalent to more than 50 
ordinary washes) the solubility reached was 32 parts per million, but 
6 days were required to reach saturation. On the other hand the 
Virginia diabase clay showed a constant solubility of 47 parts per million 
from the start through 6 washes, appearing to have already reached 
equilibrium by natural leaching. 

A yellow decomposition product derived from dunite, that had been 
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partly altered to serpentine, from Webster, N. C., dropped in solubility 
from 325 parts per million in the first wash to 50 parts per million in 
the fifth and thereafter decreased only slightly. This same material 
was given an acid treatment to remove bases (chiefly iron and mag- 
nesium) leaving a white nearly pure silica which had the solubility of 
silica gel, 290 parts per million. 

A bleaching clay from near Death Valley also high in magnesium 
showed an abrupt drop from an initial solubility of 250 to less than 
100 parts per million, decreasing to about 90 parts per million in the 
fifth wash. The well known ‘“‘Floridin’”’ bleaching clay shows a more 
gradual decrease between about the same limits. Both these bleaching 
clays, on continued washing with pure water, became highly plastic 
like ball clays and lost most of their bleaching power. A yellow de- 
composed granite from the District of Columbia, the Virginia diabase 
and the North Carolina dunite all were converted into bleaching clays 
better than the average commercial grade by the water leaching alone. 
Doubtless it would be possible to leach them further to ball clays. 
In fact the excessively leached granite mentioned above appears to be 
approaching this stage. 

All of this evidence supports a view expressed in previous papers, 
that bleaching clays are partly leached decomposed igneous rocks, 
part way on the path toward inactive clays. The partial leaching 
results in open bonds on actively adsorbing surfaces where complete 
leaching would result in the exchange of all exchangeable bases for H 
and OH and lead eventually in some clays to recrystallization as 
kaolin. 

All the materials studied settled clear after the first wash but all 
the natural minerals worked with tend to remain indefinitely in sus- 
pension after several washes. Previous natural leaching has been such 
as to leave some soluble material (organic acids, salts, or organic sili- 
cates) which prevented an approach to the isoelectric point; hence 
the rapid clear settling in the first wash. 

Many of the residues from the various clay solutions were analyzed 
by C. 8. Howard and showed nearly pure SiO, in every one after the 
first few washes. Silica gel and acid treated clays of course give SiO, 
alone. Even the granite and dunite solutions gave negative tests for 
iron and aluminum, both of which come off readily in acid. However, 
when water removes silica from ferric- and alumino-silicates, it does 
not leave iron and alumina in suspension as might be expected. Fur- 
ther, the open bonded surfaces which are the seat of the selective 
adsorbing (bleaching) power may be on any one of three oxides Fe,0s, 
Al,0;, or SiO, (or even MgO) or on combinations of these. Open 
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bonded pure SiO, surfaces, as in silica gel or acid treated clays, are 
excellent adsorbents for solvent vapors but only fair bleaching agents 
for hydrocarbon oils. The best bleach known is a compound silicate, 
naturally weathered. 

Most residues of clay solutions show organic matter which persists 
through extended leaching but is removable between 150°C. and 800°C. 
on ignition. An organic silicate is indicated by its behavior but 
further work will be required to identify it. The solution from a 
silica gel, removed with a pipette, does not show it, while the same 
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Figure 1.—Solubility of clays. 


solution put through filter paper does. The odor suggests furfural 
which is plausible since this is readily formed from cellulose and from 
pentosans by simple dehydration. 

Active silica is known to attack loosely held organic radicals and 
this suggests a new (third) theory for the origin of petroleum, namely, 
that active silica and silicates laid down and intermingled with decay- 
ing vegetation form soluble organic silicates which are later transported 
and decomposed, setting free hydrocarbons. Experiments are under 
way to reproduce this cycle in the laboratory. Much indirect evidence 
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has already been accumulated and the theory appears simple and 
plausible from a chemical standpoint. Some silicified woods fuse to 
a viscous glassy paste below 800°C. when ignited. Silica gel is not 
even softened at that temperature. 

Amorphous silica, even when freshly deposited from solution with- 
out heating, may have a very low solubility approaching that of 
quartz. Oat hulls contain 7 per cent silica in a beautiful very fine 
grill near the surface but this silica is nearly insoluble even in hot water, 
although it must have been brought up from the soil in cold solution. 
Of two samples of silica sinter deposited by two Yellowstone geysers 
(supplied by Dr. E. T. Allen), one showed only the solubility of quartz, 
the other that of silica gel (180 parts per million). Both were white, 
very porous, and each had a refractive index below 1.45, and neither 
was birefringent. In other experiments on the silicification of wood, 
the deposited silica has a low solubility as though retained by the 
lignin. 

The solubility of the silica of clays and of many other minerals is a 
minimum in pure water and is increased by even traces of acid or 
alkali in the water. A yellow clay, rich in iron, that had reached a 
solubility of 35 parts per million was treated with water containing 
1:500 HCl. The solution showed 102 parts per million of silica which 
had apparently been released by removal of some of the bases (pre- 
viously associated with silica) over the grain surfaces. Silica thus 
released has a solubility approaching that of silica gel. Slight alka- 
linity of solvent water likewise gives enhanced solubility of silica,even 
of that firmly associated with bases. 

As a test of reversibility, clay having a fixed solubility of 35 parts per 
million was put in a saturated solution (300 parts per million) of silica 
and kept at 80°C. for 24 hours. The clay actually removed more than 
half the silica in solution, presumably as an adsorbed layer on the clay 
particles. 

Summary.—Saturated solutions of many ordinary clays and decom- 
posed rocks in pure water after repeated washing range in concentration 
from 30 to 100 parts per million. 

Saturation at 80°C. is roughly a half greater than at 25°C. in 
concentration. 

Saturation is approached in 10 hours at 80°C. and in 400 hours at 
25°C. Bound and slowly circulating water in clays is commonly 
nearly saturated. 

True rock solutions free from particles in suspension may be con- 
centrated to several thousand parts per million without precipitation. 

Mechanical disintegration into suspensions is favored near the 
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isoelectric point, a condition approached only after several washings 
of a raw clay or decomposed rock in pure water. 

Organic matter is commonly associated with silica as soluble sili- 
cates which may be transported and decomposed elsewhere into silica 
and hydrocarbons. 

Many decomposed igneous rocks may be converted into bleaching 
clays by the action of water alone but the high quality of the best 
bleaching clays depends to some extent on the composition of the 
original rock. 

Many bleaching clays may be converted into plastic ball clays by 
the action of water alone. 


GEOLOGY.—Geothermal gradient at Grass Valley, California. W. 
D. JounsTon, Jr., U. 8. Geological Survey. (Communicated 
by W. H. Brap.ey.) 


During the field seasons 1930 and 1931 the writer was engaged in 
studying the underground geology of the gold quartz mines at Grass 
Valley, California,? where the mine workings have attained a maximum 
vertical depth of 3,700 feet beneath the surface. 

In the course of underground mapping at the Empire-Star Mine, 
temperature measurements were taken on twenty-one different levels. 
These temperature observations were made in air or in standing water, 
usually on the drift face, and always outside the path of air circulation. 
From three to six observations were made on each level, and the tem- 
perature given in the following table is an average for the level. The 
value for the North Star 9,000 level is a rock temperature, obtained by 
averaging the readings of three maximum thermometers, which had 
remained for twenty-four hours in a bore hole 4 feet deep near an 
advancing face. 

The temperature data were adjusted by a method adopted several 
years ago by C. E. Van Orstrand which consists in adjusting a series 
of straight lines from the shallowest depth at which a temperature test 
is made to a number of gradually increasing depths as shown in the 
last column of Table 1. 

The equation to be adjusted each time is 

y =a+ be 


1 Published by permission of the Director, U. S. Geol. Survey. Received March 25, 
1932 

* Lindgren, Waldemar. The gold quartz veins of Nevada City and Grass Valley dis- 
tricts, California. U.S. Geol. Survey, Annual Report 17: Part 2, 1-263. 1896. 
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Figure 1.—Depth-temperature curve at the Empire-Star Mine, Grass Valley, California. 
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TABLE 1.—TemPeraTuRE GRADIENT AT THE Emprre-Star Mine, Grass VALLEY, 
Nevapa County, CALIFORNIA* 





Location of temp. 
observation 
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| Fabr. 
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54.63 
0.00527 
189.8 
+0. 26 
+0.09 
+0.00005 





* Observations made in 1930-31. 


path of air circulation. 


ding water outside of the 





Most of the observations were made in air or 


+ Depth below Empire 1100 level, altitude 2200 ft., which is taken as the temperature datum. This is about 


300 ft. below the surface of the ground. 
© Constants have been determined by the 


in which 
7] 
a 


b 
1/b 


r 





temperature at depth z. 
computed annual mean temperature just beneath the 
surface of the earth. 
gradient in degrees Fahrenheit per foot. 
reciprocal gradient in feet per degree Fahrenheit. 
probable error of observation y, weight unity. 
Ya) Tf» = probable error of a and b. 
All of the computations in this paper were carried out by Mr. H. 


from the equation y = a + bz. 
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Cecil Spicer, Assistant in the Physical Laboratory of the Geological 
Survey. 

The depth-temperature curve (see Fig. 1) is slightly concave toward 
the depth axis. This is clearly shown in the following values of the 
reciprocal gradients taken from Table 1. 

From 300 to 1280 feet, 1°F. for every 168.6 feet. 

From 300 to 2400 feet, 1°F. for every 175.8 feet. 

From 300 to 3420 feet, 1°F. for every 186.1 feet. 

From 300 to 3700 feet, 1°F. for every 189.8 feet. 
As the rock temperature on the 9000 level of the North Star mine is 
only 72.3°F., underground temperature offers no hindrance to mining 
operations. 


TABLE 2—TeEmMPERATURE OF DEEP MINES 
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* Knopf, Adolph. Mother Lode system of Calif. U.S. Geol. Survey, Prof. Paper 157: 22-23. 1929. Gradient 
recalculated from Knopf's data by H. Cecil Spicer. 

© Van Orstrand, C. E. On the nature of isogeothermal surfaces. Am. Jour. Science, 15: 509-11. 1928. 

4 Ingersoll, L. A. Geothermal gradient determinations in the Lake Superior copper mines (abstr.). Physical 
Review, 39: No. 5, 869-70. 1932. 


In Figure 1 the observed surface mean annual temperature at Grass 
Valley and Nevada City are shown. The mean annual temperature 
for Nevada City,* six miles north of the mine, obtained over a period 
of 39 years, is 52.6°, agreeing with the calculated subsurface tempera- 
ture within 1°. The mean annual temperature near the mine at 
Grass Valley,* however, taken over a period of only 22 years is 60.3° or 
7° higher than the calculated subsurface temperature. 

The thermal gradient at Grass Valley, as shown in Table 2, is in 


?U. S. Weather Bureau. Climatological Data, 17: No. 13, 88-99. 1930. 
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close agreement with the thermal gradient on the Mother Lode.‘ It 
slightly exceeds the gradient in the Rand, S. Africa, and is much less 
than the gradient in the Michigan copper mines and in the St. John 
del Rey mine, Brazil. 


‘Knopf, Adolph. Mother lode system of California. U. 8. Geol. Survey Prof. 
Paper 167: 22-23. 1929. Knopf gives a gradient of 1°F. for 150 feet. His data have 
been recalculated by the method of least squares by H. C. Spicer, who obtained a recip- 
rocal gradient of 192.3 feet per degree Fahrenheit from observations between the depths 
of 1575 and 4200 feet. Knopf’s values for the Central Eureka and the Kennedy mines 
apparently are based on an assumed value of the mean annual temperature y of the air. 


ZOOLOGY .—A_ new trematode, Acanthatrium eptesici, from the brown 
bat... JosepH E. Auicata, Bureau of Animal Industry. (Com- 
municated by BENJAMIN SCHWARTZ.) 


Three flukes representing a new species of trematode belonging to 
the family Lecithodendridae Odhner, 1910, and to the genus Acantha- 
trium Faust, 1919, were collected by the writer in November, 1931, 
from the intestine of the brown bat, Eptesicus fuscus, captured in 
Washington, D.C. The new species is described in this paper. 


Acanthatrium eptesici, new species 
Figs. 1 and 2. 

Specific diagnosis.—Acanthatrium: Body rounded, flattened dorso- 
ventrally, from 702u to 1.2 mm. long by 468 to 764 wide in middle of body. 
Cuticular spines absent. Oral sucker subterminal, 98 to 114y long by 98 to 
114 wide; acetabulum 72 to 98u long by 80.to 984 wide. Prepharynx absent; 
pharynx 38 to 45u long by 49 to 53u wide; esophagus 34 to 76u long. In- 
testinal ceca short, simple, extending to anterior margins of testes. Excretory 
bladder V-shaped. Testes ovoid to pyriform, located on same zone as 
acetabulum, and transverse in position; right testis 121 to 281y long by 129 to 
205u wide; left testis 121 to 2584 long by 91 to 1974 wide. Seminal vesicle 
long and coiled; prostate cells numerous, forming a mass 121 to 327u long by 
186 to 3584 wide. The entire mass is enclosed in a delicate sac-like mem- 
brane. Genital pore somewhat anterior to acetabulum and anterior to zone 
of testes. Genital atrium slightly anterior to genital pore, and lined with 
one group of long, narrow spines. Ovary ovoid, regular or lobed, the largest 
axis transverse, oblique or longitudinal in position. Vitellaria composed of 
large follicles which may extend from about level of pharynx to anterior 
margins of testes. Uterus long and arranged for the most part transversely, 
occupying posterior half of body length and terminating in a moderately 
developed metraterm. Eggs oval, 20 to 30u long by 15y wide, with yellowish 
brown, thin shell. 

Host.—Eptesicus fuscus. 

Location.—Small intestine. 

Distribution.—United States (Washington, D. C.). 

Type specimen.—U.8. N. M. Helm. Coll. No. 30135; paratypes No. 30136. 


Acanthatrium eptesici differs from the other two species of the genus, 
namely A. sphaerula (Looss, 1896) Faust, 1919, and A. nycteridis Faust, 1919, 


1 Received March 16, 1932. 
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Fig. 1.—Acanthatrium eptesici, Alicata. Ventral view. 


as follows: The genital atrium in A. sphaerula has spines distributed over its 
entire wall and the genital pore opens at the right side of the prostate gland 
mass, whereas in A. eptesici the spines are limited to a semicircular area of 
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the anterior wall of the genital! sinus, and the genital pore opens in the median 
line at the anterior end of the prostate gland mass. The ovary in A.sphaerula 
is triangular and deeply lobed, and extends anterior to the right testis and 
prostate gland mass. In A. eptesici the ovary 
is more or less ovoid in outline, entire or 
slightly lobed, extending along the posterior 
portion of right testis and posterior to the 
prostate gland mass. The acetabulum in 
A. sphaerula is posterior to the zone of the 
testes and prostate gland mass, while in A. 
eptesici the acetabulum is on the same zone 
with the testes and prostate gland mass. 

A. nycteridis differs from A. eptesici in 
having the spines of the genital atrium ar- 
ranged in three separate groups, as illus- 
trated by Faust (1919). Two specimens Wie. 4,--shensithatrisun omloakes, 
collected by the writer from the brown bat showing arrangement of spines in 
and identified as A. nycteridis show this char- the genital atrium. Ventral view. 
acteristic arrangement of spines (Fig. 3). In 


Fig. 3.—Acanthatrium nycteridis, showing arrangement of spines in the genital 
atrium. Ventral view. 
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this species the spines vary from 15 to 22y in length by 7 to 1lu wide at the 
base. A. eptesici has long narrow spines, 11 to 224 long and about 2 to 4y 
wide at the base and arranged in a single group (Fig. 2). The acetabulum in 
A. nycteridis is post-testicular, while in A. eptesici it is located in the testicular 
zone. 

Bhalerao (1926) collected some trematodes from a bat which he believed 
to be morphologically identical with A. nycteridis. However, since the 
uterine coils were arranged transversely and measurements of the body and 
suckers were somewhat larger than those reported by Faust (1919), he 
proposed a new variety, A. nycteridis plicati. Since measurements are the 
main differences and the arrangement of spines on the genital atrium are 
presumably like A. nycteridis, differentiation of this variety from A. eptesici 
is the same as for A. nycteridis. 


THE GENUS ACANTHATRIUM 


Faust (1919), characterized the genus Acanthatrium as having the testes 
pre-acetabular in the same zone as the genital pore, and the vitellaria anterior 
to the intestinal ceca. These characters may hold true for A. sphaerula and 
A. nycteridis, but do not hold true in all cases for A. eptesici, which has the 
testes in the acetabular zone; moreover, the vitellaria of the latter species 
may or may not extend posterior to the intestinal ceca. It is, therefore, 
essential that the diagnostic features of the genus Acanthatrium be modified 
as follows: Lecithodendriinae; small flukes, spherical to pyriform in shape, 
with a genital atrium lined with spines; prostate cells numerous; testes in 
acetabular or pre-acetabular zones; vitellaria anterior or posterior to intestinal 
ceca; excretory system, according to Faust (1919), with four groups of flame 
cells for each half of the body, each group containing three flame cells. Para- 
sites of the intestine of bats. Type species: A. nycteridis Faust, 1919. 
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little brown bat. Tr. Am. Micr. Soc., Menasha, Wis., 38: (3), July, 209-215, 
fig. 1, pl. 20. 
Looss, A. 
1896.—Recherches sur le faune parasitaire de ’ Egypte. Mém. de I’ Institut égypt., 
le Caire, 3: 1-252, pls. 1-16, figs. 1-193. 


ZOOLOGY.—A new squirrel from Honduras.! E. A. GotpMAN, Bio- 
logical Survey. 


The veteran collector of specimens and student of the natural history 
of Costa Rica, Mr. C. F. Underwood, has recently transferred his 
activities to the interior of Honduras. Among the mammals obtained 


1 Received April 12, 1932. 
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is a squirrel which appears to have remained undescribed until the 
present time. 


Sciurus boothiae underwoodi subsp. nov. 


Underwood’s Squirrel 


Type.—From Monte Redondo, about 30 miles northwest of Tegucigalpa, 
Honduras (altitude 5,100 feet). No. 250219, o& adult, U. S. National 
Museum (Biological Survey collection), collected by C. F. Underwood, 
December 8, 1931. Original number 644. 

Distribution.—Known only from the type locality in the mountains of 
central Honduras. 

General characters.—Approaching Sciurus boothiae boothiae of northern 
Honduras, but upper parts much paler, the general color grayer, less blackish, 
and lacking the rufescent suffusion present in boothiae. Contrasting strongly 
with S. b. annalium from “Honduras” in white under parts, sharply defined 
laterally, instead of gray, passing gradually into color of sides. Somewhat 
similar to S. variegatoides variegatoides of Salvador above, but under parts 
white instead of tawny. General coloration suggesting that of S. goldmani 
of Chiapas, Mexico, but markedly distinctive in detail, as follows: Post- 
auricular spots buffy instead of white; feet dark ochraceous buffy or black 
instead of gray; dark ochraceous buff lateral line normally present (absent in 
goldmant) ; tail more extensively white. 

Color.—Type: Upper parts in general light buff, moderately overlaid with 
black; outer sides of limbs and feet ochraceous buff mixed with black; under 
parts, including inner sides of forearms and thighs nearly pure white; a broad 
ochraceous buff lateral line sharply separating abdominal! area from general 
tone of upper parts; ears narrowly edged with black, the tufts scanty and 
indistinctly tawny; post-auricular spots extending up over median posterior 
basal part of ears, ochraceous buff; feet edged along inner sides with ochra- 
ceous buff; tail above conspicuously overlaid with silvery white, the long 
white tips of hairs partially concealing a subterminal black zone, below 
annulated, the hairs ochraceous buff at base, interrupted by a narrow black 
band, followed by another ochraceous buff band and a subterminal black zone, 
the white tips forming a distinct margin. In one specimen the feet are black 
and there is no ochraceous buff lateral line separating white of abdomen from 
general color of sides. 

Skull.—About like those of S. b. boothiae and S. v. variegatoides, but broader 
between orbits. 

Measurements.—Type: Head and body, 241 mm.; tail vertebrae, 272; 
hind foot, 60. Average of four adult topotypes: 240 (225-250) ; 285 (275- 
300) ; 62 (60-65). Skull (type): Greatest length, 59.6; condylobasal length, 
55.7; zygomatic breadth, 34.2; interorbital breadth, 21.3; length of nasals, 
19.4; maxillary toothrow, 11.7. 

Remarks.—Sciurus boothiae underwoodi is a well-marked form, but it 
approaches typical boothiae so closely in the more essential characters that 
assignment to subspecific status seems fully warranted. Points of agreement 
of boothiae with squirrels currently recognized as S. variegatoides, S. mana- 
guensis, S. goldmani, S. adolphei, and S. yucatanensis strongly suggest that 
all are representatives of a single very variable and widely ranging species. 
Additional specimens are needed, however, from many regions to fill gaps in 
known ranges and establish more exact relationships. 

Specimens examined.—Six, from the type locality. 
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PROCEEDINGS OF THE ACADEMY AND AFFILIATED 
SOCIETIES 


THE ACADEMY 


246TH MEETING 


The 246th meeting of the Academy was held in the Assembly Hall of the 
Cosmos Club on Thursday, February 18, 1932. About 100 persons were 
present. President Apams called the meeting to order at 8:20 and introduced 
as speaker of the evening, Doctor N. A. Coss of the Bureau of Plant In- 
dustry, Retiring President of the Academy, who delivered an address on 
Science as illustrated in the personnel and achievements of the Academy and its 
eighteen affiliated societies. 

The speaker emphasized the responsibility of the scientists of Washington 
to develop an interest in the broad problems in which science touches the 
general welfare as well as in the technical researches of their separate fields. 
The address will be published in this JourNAL. 


247TH MEETING 


The 247th meeting of the Academy was held in the Assembly Hall of the 
Cosmos Club on Thursday, March 17, 1932. About 75 persons were present. 
President Apams called the meeting to order at 8:20 and introduced Doctor 
W. H. Lonatey, Professor of Zodlogy at Goucher College, and Executive Offi- 
cer, Tortugas Laboratory, Carnegie Institution, who delivered an illustrated 
address on, The law of organic evolution and its place among the laws of kinetic 
systems. 

The author’s abstract follows:—It is possible to determine very accurately, 
when known species of animals and plants received their accepted scientific 
names. The date when each was first collected for scientific study may not 
be fixed so precisely, though patient inquiry gives a fair approximation to fact. 
But dates of naming depend on time of finding; and time of finding similarly 
depends upon where species are. Moreover, the geographical distribution of 
species is an effect of the very play of forces by which they were originally 
made. Clearly, therefore, there is a possibility of getting new light upon 
evolution through analysis of the statistical data of taxonomy and distribution. 

Upon inquiry it appears that, on the average, species of the smallest genera 
in natural groups which are collected with discrimination of material in the 
field get their names sooner than others, and that in other generic sizes the 
species enjoy no advantage one over another in the respect mentioned. In 
respect to finding, species of larger genera tend to come to light earlier, those 
of smaller genera later, though this way of putting the matter does not tell 
quite the whole story. When the detailed results of the two analyses are 
compared and further inquiry is made concerning the relation between time 
of finding and area occupied, it is ascertainable that the species of large genera 
occupy large, and those of small genera small average ranges. 

This is a fact of utmost importance. It seems impossible to explain it 
except by assuming that the many widespread (or able) species in the large 
genera are descendants of able ancestral species which have had much success 
in increasing the number of species of their general sort in the world, and that 
the few and weak species of small genera are similarly the descendants of weak 
ancestors which have had correspondingly small success in the production of 
new kinds. But to say that this is the explanation of the correlation between 
size of genus and average specific range within it is to affirm that evolution is a 
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fact, and that its process is Darwinian in principle. Variation, inheritance 
and natural selection—with isolation, as may be shown also—unite in bringing 
it to pass. The data of taxonomy and distribution establish the fact of 
evolution and identify the factors concerned in it. 

More still may be learned from consideration of the numerical relations of 
genera and species. Evolution is not only a fact and Darwinian in principle 
but occurs according to law. Still more, its law may be written in as definite 
mathematical form as the laws of the ‘“‘exact’’ sciences, and is one of a natural 
group, of which the gas laws are most familiarly known. 

Why this should be so may be stated briefly: The laws of gases express the 
result of random action upon one another of their active units, the molecules. 
It is as unnecessary and unprofitable, however, to limit the application of 
kinetic theory to systems composed of such units as it would be to apply our 
knowledge of falling bodies exclusively to those falling from rest. Within the 
field of an amplified kinetic theory fall possible systems whose units (always 
active and acting upon others at random) may be incapable of reproduction 
and variation, or capable of either alone or of the two together. 

All four suggested sorts of kinetic systems exist. Normal gases are 
examples of the first. Their laws are the gas laws so-called. Glowing gases 
compose the second group. Their units are atoms, capable of variation in 
state, but incapable of reproduction. The exercise of their power of variabil- 
ity is limited by the pressure in the system. The master law of such systems 
is the law of distribution of energy in the line spectrum. If it had been the 
first of gas-laws to be fully worked out, the elementary laws of gases might 
have been derived from it by inspection. 

Simple populations (populations composed of a single sort of organism) 
are the third kind of system contemplated. Their units, the individual 
organisms, have by definition no power of variation, but do have the power of 
reproduction, limited in its exercise by the “pressure” prevailing in the 
system. The master law of such systems is the law of population growth 
expressed graphically by the logistic curve. There are also secondary laws 
of simple populations, corollaries of the law of growth, which are structurally 
the same as the laws of gases.! 

Compound or species populations, second-order populations, such as all the 
individuals of all the species of each great natural group of organisms compose, 
are the most complex of the systems here considered. Their units (species) 
reproduce and vary at the same time that they react with one another at 
haphazard. The master law of these systems is a law of differentiation, or 
of evolution, the law which the data of taxonomy and distribution affirm to 
exist. Their lesser laws include a law of growth according to the logistic 
curve and laws structurally like, or homologous with, the gas laws. 

It is not suggested that in these several systems the action of unit upon 
unit is precisely the same in kind. Let the action be, for example, after an 
order capable of schematic representation as the result of mechanical impact 
between ideally elastic spheres of molecular proportions and pressure may be 
measured in millimetres of mercury. Let it be more subtle, as it is in the 
organic systems, and it may be measured in terms of failure to maintain an 
ideal rate of increase in the absence of checks. 

The one method of measurement is as valid as the other, and a kinetic 
theory of simple and second-order populations as completely justified as a 
kinetic theory of gases, normal or glowing. The two, in fact, are so closely 
akin that by omitting the specific and non-essential one statement may be 


1 Longley, W.H. Science, 76: 248-250, Feb. 26, 1932. 
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made to cover both and the portion of biology which deals with species in their 
genera and ranges can be exhibited as an integral part of physics. 
Cuarues Tuo, Recording Secretary. 


PHILOSOPHICAL SOCIETY 


1019TH MEETING 


The 1019th meeting was held in the Cosmos Club Auditorium, Saturday 
evening, March 14, 1931, President Curtis presiding. 

Program: W. F. Wauuts: The geographical distribution of magnetic dis- 
turbances (illustrated).—The reduction and discussion, in the Department of 
Terrestrial Magnetism of the Carnegie Institution of Washington, of the 
magnetic records obtained by the two MacMillan Arctic expeditions of 
1921-1922 and 1923-1924 afforded an opportunity for comparing the effects 
of magnetic d:sturbances in polar regions with other points on the earth’s 
surface. In addition to MacMillan’s two Arctic stations at Bowdoin 
Harbor on the southwest coast of Baffin Island and Refuge Harbor on the 
northwest coast of Greenland, the records of the following stations were used 
in the discussion: Sodankyla, Sitka, Cheltenham, Tucson, Vieques, Honolulu, 
Antipolo, Huancayo, Vassouras, and Watheroo. The two magnetic storms 
of March 14, 1922, and January 29, 1924, were selected, and comparisons were 
made by computing for each hour of each storm the excess energy of the 
magnetic field per cubic centimer (AZ) due to the disturbance, as represented 
by the equation 

AE = (X,AX + Y,AY + Z,AZ)/(4r) + [(AX)? + (AY)? + (4Z)?]/(87) 
As a check use was made also of the expression 

AR = [(AX)? + (AY)? + (4Z)?]'” 

which represents the change in space of the total-intensity vector. The 
numerical mean values of AE and AR for the durations of the storm and the 
auroral-frequency numbers of the stations as taken from Fritz’s curves, when 
plotted in relation to magnetic latitude, indicate a close relation between the 
auroral frequency and the distribution of magnetic disturbances. On comput- 
ing algebraic, instead of numerical means of the hourly values of AF, it is 
found that the average excess energy produced by these storms is positive for 
the stations within the auroral zone but negative for all the other stations. 
Evidences are presented to show that different types of magnetic disturbance 
are propagated around the earth with different velocities. Possible causes of 
magnetic disturbances are briefly considered. (Author’s abstract.) 

Discussed by Messrs. Gish and HUMPHREYS. 

H. C. Dickinson: Scientific automobilia (illustrated).—Among the questions 
often asked by scientists and those who are interested in motor vehicle de- 
sign and operation from the scientific side are some which merit particular 
attention. 

Some of the scientific as well as the practical aspects of the following 
subjects were discussed. 

The engine and complete power-plant in relation to performance and 
efficiency of the vehicle, including the process of ‘‘free wheeling.” 

The steering mechanism, its mechanics and geometry and its relationship 
to safety of operation. 

Brakes, of various types, their capacity, limitations and safe use as related 
to roads and road-surfaces. 

Motor fuels, in relation to starting, satisfactory operation, vapor lock, fuel 
knock, fuel dopes and premium fuels and fuel economy. 
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Lubrication, types of lubricating oils and their relationship to safe lubrica- 
tion and proper operation. 

Anti-freeze compounds, of three general classes, and their relative merits 
and demerits. 

Spark plugs. 

Fuel pumps. 

Headlighting and some of the obscure points involved in the method of 
highway lighting. (Author’s abstract.) 

Discussed by Messrs. ApaMs, GisH, HAWKESWORTH, and WHITE. 


1020TH MEETING 


The 1020th meeting was held in the Cosmos Club Auditorium, Saturday 
evening, March 28, 1931, President Curtis, presiding. 

Program: J. W. Green and L. H. Apams: The effect of pressure on the mag- 
netic inversion point in iron and other materials (illustrated).—This coédperative 
investigation by L. H. Apams and J. W. Green, of the Geophysical Labora- 
tory and Department of Terrestrial Magnetism, respectively, both of the 
Carnegie Institution of Washington, was undertaken principally because of 
its bearing on the earth’s magnetic field and its relation to the problem of the 
central iron-cores. The object was to determine whether or not the tem- 
perature at which iron and other ferromagnetic substances pass from the 
magnetic to the non-magnetic state is affected by an increase of pressure. 

The specimens of the materials under investigation were made up as the 
core of a miniature transformer or induction-unit, and placed in an electrically 
heated pressure-bomb. A six-volt alternating-current was supplied to the 
primary of the transformer and the output from the secondary was amplified, 
rectified, and carried to a direct-reading galvanometer. 

The temperature of the inversion-point, indicated by the galvanometer 
reading dropping to zero, was measured by means of platinum-platinrhodium 
thermocouples. 

Five ferromagnetic metals were used in the investigations, namely, iron, 
nickel, nickel-steel, magnetite, and meteoric iron. The pressure medium was 
carbon-dioxide and determinations were made at pressures up to 2,000 atmos- 
pheres for iron and magnetite, 2,200 atmospheres for nickel, 2,600 atmos- 
pheres for nickel-steel, and, in the case of meteoric iron, 3,600 atmospheres. 
The results indicate that pressure has practically no effect on the inversion- 
point, although the possibility of a slight decrease is not excluded as there was 
a slight tendency toward depression, especially in the case of nickel-steel and 
meteoric iron. 

On the whole, it seems a fair inference that the pressure-coefficient of the 
magnetic inversion-point remains zero or negative even at the high pressures 
in the earth’s interior and that consequently the permeability of the nickel- 
iron core of the earth is not significantly higher than that of ordinary rocks. 
(Authors’ abstract.) 

The paper was presented by J. W. GREEN and was discussed by Messrs. 
Apams, BrickKweppz, Gisson, GisH, Heck, HumpuHreys, and TuCKERMAN. 

R. F. Meuu: Radiography with gamma rays (illustrated).—The studies 
carried out at the Naval Research Laboratory during the last two years upon 
the use of gamma rays from radium or radon for the inspection of metallic 
objects (castings, welds, etc.) for defects were described. The physical 
characteristics of gamma rays which distinguish the radiographic results 
obtained from those of X-rays were pointed out and briefly discussed. An 
experimentally determined exposure curve relating thickness to exposure time 
(milligram-hours) serves to determine the length of exposure for any given 
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object. The application of the method to two large castings in Naval vessels 
was described and illustrated. The definition and sensitivity obtained is 
entirely satisfactory, even up to 7” of steel. Radiographs have been prepared 
of thicknesses over 10”, but the requirement of radium or of exposure time 
becomes very great. Research now under way indicates the successful de- 
velopment of faster films, which will mean that the exposure times now 
necessary will be greatly diminished or (which amounts to the same thing) 
lesser quantities of radium will be required. (Author’s abstract.) 

Discussed by Messrs. Brickweppr, HAWKESWoRTH, and TUCKERMAN. 

Informal communication: L. B. Tuckerman: Inelastic impact of three 
perfectly elastic and perfectly smooth spheres. 

Discussed by Gipson. 


1021sT MEETING 


The 1021st meeting was held in the Cosmos Club Auditorium, Saturday 
evening, April 11, 1931, President Curtis presiding. 

Program: A. B. Lewis, E. L. Haun, and F. L. Copweiu: Some properties of 
foreign and domestic micas (illustrated).—A number of samples of mica, 
fairly representative of the major sou.ves of the world’s supply of mica, have 
been tested for their dielectric constant, power factor, dielectric strength, 
and ability to withstand elevated temperatures. Average values are given 
for the dielectric constant and power factor at radio frequencies, and for the 
deviations from these average values which must be expected in commercial 
lots of mica. It is shown that stains and inclusions seriously affect the power 
factor of a sample, but have much less effect on the dielectric strength. Most 
of the samples were unaffected by exposure to temperatures up to 600°C., 
but above that temperature only the phlogopites can be said to have success- 
fully withstood the elevated temperatures. On the basis of these data it was 
not possible to distinguish between micas of like commercial grades obtained 
from different geographical localities. (Authors’ abstract.) 

The paper was presented by A. B. Lewis and discussed by Messrs. SiLsBEE, 
BroMBACHER, Piggott, HumpuHrReys and Curtis. 

Empert A. LeLacueur: Tidal phenomena in Long Island Sound (il- 
lustrated). (Published in this JourNaL 21: 239.) 

Discussed by Messrs. HumpHreys, MarMer, and Curtis. 


1022ND MEETING 


The 1022nd meeting was held in the Cosmos Club Auditorium, Saturday 
evening, April 25, 1931, President Curtis presiding. 

Program: W. J. Peters and J. W. Green: A photographic method of chang- 
ing the ratio of ordinate-scale to abscissa-scale (illustrated).—This method is 
proposed for the purpose of reproducing magnetograms or other continuous 
photographic records made at different observatories on the same scales as 
regards both time and value of magnetic or other recorded element with all 
the minutiae of detail. Two photographic exposures are made, one of the 
photographic record, the second of the resulting negative. In both exposures 
the sensitized paper is inclined at predetermined angles which depend upon the 
magnifications required of the abscissae and ordinates, respectively, and upon 
the condition that the respective scales be uniform throughout the final 
positive. Theoretically there is no limit to the choice of ratio desired between 
the scale of ordinate and the scale of abscissa. Practically the limit is fixed by 
the depth of focus available, and the smallest stop usable, or by the number of 
repetitions of the operation of two exposures. Experiments were made in 
which the final ordinates were made about three times as long as the original 
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with respect to the abscissae in the one operation of two exposures. (Authors’ 
abstract.) 

The paper was presented by W. J. Prermrs and discussed by Messrs. 
Briees and TucKERMAN. 

CuarLes Birrincer: Color (illustrated).—The technique of painting 
changeable pictures which are perfectly normal in day-light or ordinary 
artificial light, is done by using pigment mixtures which have a subjective 
similarity but an objective difference. 

The reason our organs of sight do not detect this objective difference is 
due to the fact that the eye is not an analytical receptor, that is, the eye does 
not examine the component parts of the sensation but accepts it as a unit. 

When pictures containing these pigments are illuminated by light con- 
taining a few adjacent wave-lengths, a different brightness relation takes 
place; when the pictures are illuminated by dichroic or trichroic light, a hue 
difference as well as a relative brightness difference takes place. In this way a 
new picture can be made to take the place of the one seen in white light. 

A fleeting after-image was demonstrated by means of a Bidwell rotating 
disk. A red light was made to turn green when seen through the open seg- 
ment. A change in frequency, brightness ratios, or observer may weaken the 
effect or cause the appearance of other phases of the complete after-image. 
None of the attempts at explaining the entire phenomenon is generally 
accepted. (Author’s abstract.) 

Discussed by Messrs. LAMBERT, CRITTENDEN, WRIGHT and MrEGGERs. 


1023RD MEETING 


The 1023rd meeting was held in the Cosmos Club Auditorium, Saturday 
evening, May 9, 1931, President Curtis presiding. 

Program: H. L. Drypen: Motion pictures of the flow of air and of the travel 
of sound waves (Japanese highspeed movies).—The films which were exhibited 
were taken in the laboratories of the Aeronautical Research Institute of Tokyo 
Imperial University, Tokyo, Japan, by Professor T. Suhara and his assistants 
under the general supervision of Baron C. Shiba, the director of the institute. 
The films were presented to Dr. George K. Burgess, the director of the Bureau 
of Standards, by Baron Shiba. These pictures, commonly known as the 
Baron Shiba pictures, have attracted world-wide attention, some of them hav- 
ing been made at the amazing speed of 40,000 pictures per second. 

The motion of air may be made visible in two ways. The first is by the use 
of floating bodies, such as balloons, particles of dust, or smoke-clouds. The 
motion of these objects represents the motion of the air only insofar as the 
weight, size, and temperature of the particles do not produce differences. We 
may also in a sense see the motion of air in another way, namely, by means of 
the changes in density produced by the motion. The changes in density 
deflect rays of light from a straight line. Everyone has in this manner “‘seen”’ 
the air rising from a hot body such as the radiator of an automobile. One 
may also stand in the wind with a long thin plate such as a saw-blade and, 
sighting along the edge toward some bright object, see the ‘‘waterfall” over 
the edge. In the pictures shown there were examples of both methods. 

Three reels dealt with the flow of air made visible by smoke. The smoke 
itself is rather interesting. Studies in this country have been made either by 
the use of titanium tetrachloride, the smoke of the smoke-screen or smoke- 
bomb and incidentally highly corrosive, or by the use of tobacco-smoke. 
Professor Suhara used an incense-smoke, the smoke from sénko, a substance 
commonly burned in Japan when visiting tombs. 
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The air-flow was produced by a suction fan at one end of a long box with 
glass side walls, the box being about 7 feet long, 2 feet deep, and 1-1/2 inches 
wide, i.e. between the glass walls. The glass walls were vertical and the 
models were placed horizontally between them. Upstream from the model 
was placed a vertical pipe with a number of small holes from which the smoke 
issued. The speed of the air was about 7 miles per hour and the pictures were 
taken with a commercial high-speed camera at the rate of 120 per second. 
The smoke-particles therefore moved about 1 inch between exposures and the 
separate particles were not seen, the smoke-streams appearing as white lines. 
The field of view covered by the camera was roughly 1 foot square. The 
flow about a flat plate, a triangular prism, a circular cylinder at rest and 
rotating, a semi-circular barrier and an elliptic cylinder were illustrated by 
the first film. The second film showed the flow around various airfoil sections 
used for airplane wings, and the third film showed the flow through various 
types of orifices, nozzles, and valves. 

The fourth film showed some pictures of the travel of sound-waves, taken 
at a rate of 40,000 pictures per second, the sound-waves being made visible 
by their effect in deflecting rays of light from a straight line. 

The camera is very ingenious. A single strip of film about 12 feet long is 
secured along the inner surface of a drum about 4 feet in diameter, which is 
rotated at about 3750 r._p.m. The heart of the mechanism is a revolving 
mirror in the shape of a frustrum of a regular polygonal pyramid of 180 sides 
which is rotated at approximately 14,000 r.p.m. The image is formed on the 
film by a fixed lens. Light after passing through the lens is reflected from 
each of the 180 mirrors in turn to the film, the relative speeds of the film-drum 
and rotating mirror being such that the image is stationary with respect to the 
film. The pictures taken by the camera are about 1/7-inch square and about 
1,000 can be taken on a strip of film. At a rate of 40,000 per second, pictures 
can be taken continuously for about 1/40 second. The small pictures are 
enlarged to standard size. 

The film showed the travel of sound-waves set up by an electric spark in 
enclosures of various shapes, circular, triangular, and elliptical. (Author’s 
abstract.) 

Discussed by Messrs. Curtis, Humpureys, and TucKERMAN. 

Informal communication: W. J. Humpureys: The vibration of stretched 
wires exposed to strong air-currents. 

Discussed by Messrs. HAwKESWORTH, TUCKERMAN, and DrypDeEN. 

G. R. Wart, Recording Secretary. 


1024TH MEETING 


The 1024th meeting was held in the Cosmos Club Auditorium, Saturday 
evening, May 23 1931, President Curtis presiding. 

Program: C. Moon: Problems in the measurement of the length of a single 
layer solenoid with an accuracy of one part in a million (illustrated). 

Discussed by Messrs. Heyt, TucKERMAN, DrYDEN, JupsoN, KsaNpa, 
L. H. Apams, and Gisx. 

P. R. Hey: The prospective of modern physics.—The most striking feature 
of modern physics both from its strangeness and its ubiquity, is the radical 
change in the nature of the concepts dealt with, a change away from material- 
ism and toward the insubstantial. Matter has become a form of energy; 
atoms are vibration in something the nature of which is not yet clear. Nothing 
remains but shadows of former realities. 

And these shadows are vague and ill defined. Heisenberg’s uncertainty 
principle asserts that we can know accurately only about half of all measurable 














may 19, 1932 PROCEEDINGS: PHILOSOPHICAL SOCIETY 283 





quantities, and that an attempt to improve the precision of our knowledge 
of ona automatically interferes with our obtaining a like knowledge of the 
other ‘ 

Even space and time have become blended, as Minkowski tells us. This 
involves the introduction of hypergeometry into the realms of physics, a 
thing utterly taboo not more than forty years ago. 

And Dirac has called into question the fundamental character of our 
number concept, suggesting that the really fundamental things of Nature are 
incapable of expression numerically, and that numerical relations begin to 
appear only when we reach combinations of these fundamentals of a certain 
degree of complexity. 

The remarkable thing about all this is that it is possible to cut more closely 
to Nature’s lines by means of these shadowy concepts than was possible under 
the older materialistic régime. (Author’s abstract.) 

Discussed by Messrs. HuMpHreys, HAawKESWORTH, WHITE and TUCKER- 
MAN. 

L. V. Jupson, Corresponding Secretary. 


1025TH MEETING 


The 1025th meeting was held in the Cosmos Club Auditorium, Saturday 
evening, October 10, 1931, President Curtis presiding. 

Program: F. B. StusBeEe: Composite coil instruments for precise a.c. measure- 
ments (illustrated).—This paper describes a new type of electrodynamic 
instrument adapted for use in measuring alternating current, voltage, and 
power at the frequencies used in power circuits. Both the fixed and moving 
coils are formed of separate windings insulated from each other. One set of 
windings carries the alternating currents to be measured, while the other set 
carries direct current supplied by a 12-volt storage battery. The direct 
currents can be set by suitable control rheostats to that one of a series of 
definite values at which the torque produced by them is approximately equal 
and opposite to the a.c. torque. Any unbalanced difference in torques causes 
a deflection of the moving coil which is read by the location of a line of light 
on the instrument scale. The value of the direct current is obtained by 
ne the drop in a known resistance with the voltage of a standard 
cell. 

In this way the bulk of the quantity under measurement is referred directly 
to the standard cell and the errors in scale reading, spring fatigue, self-heating, 
etc., affect only a small part (2 per cent of full scale value) of the total indica- 
tion. The use of an astatic double system greatly reduces the effect of the 
earth’s magnetic field and at the same time can be used to compensate for the 
otherwise large effects of mutual inductance between the a.c. and the d.c. 
windings. Instruments of this type can readily be designed to have a preci- 
sion of reading equivalent to that of an ordinary instrument with 1500 scale- 
divisions and still have a period of 3.5 seconds, and an accuracy approaching 
0.01 per cent. (Author’s abstract.) 

Discussed by Messrs. HAWKESWORTH, TUCKERMAN, GIBSON, and WHITE. 

W. P. Wuite: The insulation of thermels and other points of thermel tech- 
nique (illustrated).—Shortly after its introduction the highly sensitive copper- 
constantan or iron-constantan thermel (thermoelectric thermometer) gave 
results of outstanding precision in calorimetry. But most of these were for 
short periods, and measurements with thermels over periods of an hour or 
more were found to show slight errors which were so frequent that they almost 
came to be regarded as normal. After a good many years an attempt was 
made to investigate the sources of these errors with a view to removing them. 











de ee 


ORs 


Aer PS ee AT wee ER 





284 JOURNAL OF THE WASHINGTON ACADEMY OF SCIENCES VOL. 22, No. 10 


There is every indication of success in this attempt, and if these indications are 
confirmed, the precision which can be relied upon will have been increased 
some ten-fold. 

Greater precision in the comparison temperature, which is always needed 
for reading single temperatures with thermels of any description, has ap- 
parently been obtained, although this part of the investigation is not com- 
pleted. Error from inhomogeneity of the wires has, by suitably locating the 
proper point for the temperature gradient, been reduced to 0.0001° in reading 
with an ice bath, and to a fraction of that when the comparison body is near 
the temperature of the other end of the thermel. 

The very highest insulation, 50,000 megohms or more, is desirable or 
necessary. It can be obtained by drying out the thermel itself at about 120°, 
preferably by means of air, repeatedly pumped out, and then sealing the end 
of the glass inclosure where the leads emerge. Two sealing compounds which 
do not show surface leakage even in a saturated atmosphere and which will 
— dry under ordinary conditions, are picein and resin with 6 per cent of 
albolene. 

A convenient arrangement of the terminals outside this seal has been 
devised, which allows ready reversal both of the two halves of the thermel 
and of the connecting cable, thus detecting some of the very unlikely errors 
now remaining, should they oceur. (Author’s abstract.) 

Discussed by Messrs. Kracex, Stimson, and BrickwEDDE. 

A. B. Lewis: A clock-controlled constant-frequency generator (illustrated).— 
A synchronous motor generator set is described in which the motor is forced to 
rotate in synchronism with signals from a standard clock circuit. This result 
is obtained by first running a specially wound motor synchronously from a 
3-phase commercial power line. The field of this synchronous motor is then 
electrically rotated about the motor frame by an amount which exactly com- 
pensates for the departure of the frequency of the commercial power from true 
60 cycles. This rotation of the motor field is produced by a rotary synchro- 
scope, which is in turn controlled by thyratron tubes, the grids of which are 
excited by a clock-driven tuning fork. The output of the generator is used to 
operate cycle counters, synchronous timers, or other light synchronous 
machinery. 

The possibilities and limitations of the machine are discussed and data 
are given to indicate the accuracy (+ 0.004 sec.) which may be expected from 
the machine when used as a timing device. Safety devices are described which 
shut down the machine should it for any reason fall out of synchronism with 
the clock signals or hunt excessively. The machine has an ultimate load 
capacity of 4 kw and can take a suddenly applied load of 2 kw without serious 
hunting. (Author’s abstract.) 

Discussed by Messrs. L. H. ApaMs, Wuite, Ksanpa, SILSBEB, and GIBSON. 


1026TH MEETING 


The 1026th meeting was held in the Cosmos Club Auditorium, Saturday 
evening, October 24, 1931, President Curtis presiding. 

The program was the occasion of the first Joseph Henry Lecture, in memory 
of the first President of the Philosophical Society of Washington. 

The lecture of the evening, Certain aspects of Henry’s experiments on 
electromagnetic induction, was delivered by JosernH S. Ames, President of 
Johns Hopkins University. (Published in this JourNAL 21: 493). 


1027TH MEETING 


The 1027th meeting was held in the Cosmos Club Auditorium, Saturday 
evening, November 7, 1931, President Curtis presiding. 
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Program: C.S. Barrett: Imperfection in crystals (illustrated).—The X-ray 
reflecting power of a crystal depends on its perfection. If a rather perfect 
crystal be rendered imperfect at its surface by grinding, the X-ray reflection 
from these surfaces is much more intense than from interior points. This may 
be shown by the nature of the spots on a Laue photograph. If a quartz plate 
be oscillated piezo-electrically, an unusual distribution of reflecting power 
results. A study of this distribution shows that the reflecting power of a 
given atomic plane varies greatly from point to point in the crystal, while at a 
given point in the crystal the reflecting powers of different planes are affected 
differently. This phenomenon differs from that resulting from grinding the 
surfaces. Experiments indicate that the phenomenon in oscillating quartz 
is due to strain gradients, and that it affords a new means of analysis of 
modes of vibrations of quartz oscillators and resonators, and of inhomogenous 
strains in other suitable crystalline materials. (Author’s abstract.) 

Discussed by Messrs. HAWKESWoRTH and KRACEK. 

S. B. Henpricxs: Group motions in solid molecular and ionic compounds 
(illustrated).—Crystal structure determinations for sodium nitrate and 
ammonium nitrate indicate that the nitrate groups are rotating in these solids 
before the melting points are reached. The excitation of group rotation is 
accompanied by abnormal changes in such properties as the specific volume, 
the heat capacity, and the crystal structure. In the case of sodium nitrate 
the setting in of the rotation is gradual while in ammonium nitrate it occurs at 
polymorphic transition points. 

Group rotation occurs in the ammonium and substituted ammonium 
halides, and probably in the hydrogen halides. It is also to be observed in a 
number of molecular compounds such as hydrogen, methane, and ethane. 
(Author’s abstract.) 

Discussed by Messrs. Barrett, L. H. Apams, Curtis, Kracex, and 
HAWKESWORTH. 

L. B. TuckerMAN, in an informal communication, called attention to 
Arthur Eddington’s article, On the value of the cosmical constant. The following 
is an abstract of his remarks: 

Many years ago Ernst Mach pointed out that in a thoroughgoing theory of 
relativity the mass of any particle would represent, not a property of its own, 
but its interaction with all the other particles in the Universe. Einstein, as 
well as others, has emphasized this viewpoint but no explicit expression of it 
a previously been embodied in any of the forms of the general theory of 
relativity. 

In a recent number of the Proceedings of the Royal Society (Series A, Vol. 
133, No. A822, pp. 605-615) Eddington, by an argument based on relativity 
considerations, identifies the mass term 27m c a/h in Dirac’s wave equation 
of an electron with ~/N/R where N is the number of electrons in the universe, 
and R is the radius of the Einstein world. 

This in connection with the Einstein equations enables him to calculate 
the number of electrons in the universe, the radius of the universe and in 
consequence the nebular red shift in terms of quantities which can be measured 
in the laboratory. He finds for the number of electrons in the universe 
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and for the nebular red shift expressed as a speed of recession v per unit 
distance d 


0 2 GMni'e 
d V3 ret 


where e = the charge of an electron, m = the mass of an electron, M = the 
mass of a proton, G = the constant of gravitation, and c = the velocity of 
light. 

The value of the red shift calculated from the laboratory data on G, M, n 
and c gives 
= 528 km per second per megaparsec 
while the value found from astronomical observations ranges from 430 to 530 
km per second per megaparsec according to different observers. 

It seems probable that this contribution of Eddington’s will prove to be 
one of the foundation stones of the coming synthesis of the theory of the 
physical universe. 


1028TH MEETING 


The 1028th meeting was held in the Cosmos Club Auditorium, Saturday 
evening, November 21, 1931, President Curtis presiding. 

Program: N. H. Heck: Background and history of investigation of strong 
earthquake motions (illustrated).—While instruments to record strong earth- 
quake motions were developed in China as early as 146 A.D., and while a 
number of seismologists have been interested in this problem, it is only recently 
that, as a result of investigations in Japan and in the United States, such 
measurements have become a factor in the design of buildings and structures 
to resist earthquakes. 

The importance of the problem has steadily increased as regions subject to 
severe earthquakes have become centers of population with the resulting 
congestion of buildings, large and small, containing large numbers of people 
and valuable property and records. Other structures such as bridges, dams, 
and water supply systems are of almost equal importance. Engineers 
through investigations of earthquake effects and by testing models on shaking 
platforms have erected buildings intended to resist earthquakes but feel 
great need for actual observations of earthquake intensity. 

Prominent civil engineers visiting Japan at the time of the World Engineer- 
ing Congress in 1929 became interested in this problem and the last Congress 
made an appropriation to the Coast and Geodetic Survey to develop instru- 
ments and make measurements of strong earthquake movements. The in- 
struments described have included a starting device, a three-component 
accelerometer, and two types of automatic recorders, On account of paper 
cost the record must be started by the earthquake. Through effective co- 
operation, the starting device has been developed by the Massachusetts Insti- 
tute of Technology, the accelerometer by the Bureau of Standards, and the 
recorders by the Coast and Geodetic Survey. The instruments have not yet 
been tested by an earthquake but have been severely tested on shaking plat- 
forms. They give excellent promise of giving the desired results when in- 
stalled in earthquake regions. (Author’s abstract.) 

Frank WENNER: Development of accelerometers at the Bureau of Standards 
(illustrated).—In the design of buildings, bridges, etc., to have the maximum 
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resistance to earthquake shocks consistent with reasonable cost, the structural 
engineer needs fairly definite information concerning the probable ground 
movements in order to predict the forces to which various parts of the struc- 
tures may be subjected. Presumably the ground movement within the 
destructive area of major earthquakes, while decidedly irregular, is for the 
most part back and forth about an equilibrium position, and so may be con- 
sidered as a series of superimposed, damped harmonic motions of various 
periods. According to the experience of the Japanese, it is those components 
of the motions having periods of from one to three seconds which are mainly 
responsible for the destruction of property. The only known means of 
obtaining records of these movements is by means of a seismometer, and it 
seems generally to be assumed that a seismometer should have a period 
approximately the same as that of the components of the ground movement 
considered most significant. However, a seismometer having a period of 
from one to three seconds would give neither reasonably accurate records of 
the accelerations, of the velocities, nor of the displacements associated with 
ground movements having periods within this range, and consequently would 
give little if any data of value to the structural engineer. If the period of the 
instrument were rather long, 10 seconds or more, reasonably accurate records 
of the displacements would be obtained, but on account of the irregularity of 
the movements such records would scarcely serve for a determination of the 
forces transmitted to structures. On the other hand, a very short period 
instrument gives directly the accelerations, which must be known if the 
forces are to be calculated. The instrument shown here, which is one of three 
constituting a set—one for each of the three perpendicular components of the 
ground movement—has a period of one-tenth second and is so damped that it 
gives reasonably accurate records of all accelerations which either remain 
constant for 0.04 second or more, or have periods of 0.15 second or more. 
With the photographic recording paper at a distance of 50 cm. from the 
mirror the displacement on the record is approximately 2.5 cm. for an accelera- 
tion of one-tenth gravity. The instrument is 12-1/2 cm. high and has a 
mass slightly in excess of 1500 grams. The steady mass of approximately 
4 grams is supported by quadrifilar suspensions and has a reduced length of 
approximately one cm. The paper was illustrated by diagrams and a table 
showing the relations between accelerations of different periods and the 
corresponding displacements. These will be reproduced in a paper to be 
published shortly in the Bulletin of the Seismological Society of America. 
(Author’s abstract.) 

M. W. Bravunuicu: The contact accelerometer as a starting device for use 
with a strong earthquake accelerometer (illustrated, read by H. E. McComs).— 
The instrument consists essentially of a steady mass of about 200 grams 
mounted as an inverted pendulum on thin, steel springs and free to oscillate 
in one plane. The steady mass is held away from its natural position of rest 
by a micrometer screw, the contact between screw point and steady mass 
being in a closed electrical circuit. When the accelerations reach or exceed a 
certain predetermined value the contact is broken due to the inertia of the 
mass and a relay is operated which in turn closes or opens other circuits which 
may start the accelerometer recorder. This particular type has the advantage 
over other mechanically operating types in that it is free from friction. It is 
recommended that six of these accelerometers be used in series, orienting them 
in different directions and in the vertical in order to insure operation of at 
least one component regardless of the direction of ‘the initial impulse. Tests 
indicate that one of the instruments will get a recorder into operation in less 
than 0.19 second after the impulse. (Author’s abstract.) 
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D. L. Parkuurst: Automatic electric recorders (illustrated).—The auto- 
matic electric recorder operates continuously. The drum carries photographic 
paper but there is no recording until the electric light is turned on by the 
starting accelerometer as described elsewhere. At the same time as the light, 
a time recording mechanism and a warning signal must be switched on. The 
recorder operates for half an hour and then stops automatically. Since many 
strong earthquakes have a single shock, arrangement is made to turn off the 
light after a few minutes, the record not resuming unless another earthquake 
occurs. 

Cost is saved by making the recording drum from a commercial aluminum 
cooking kettle. 

There are two driving motors, one an induction motor driven from the 
110-volt lighting circuit and the other a direct current motor driven from a 
dry cell to operate in case the line current is cut off through the earthquake. 
Change from a.c. to d.c. and back is made without change of speed of drum. 
The needed gear reduction is accomplished by adding a third motor which 
runs idle and which is so built as to give the needed reduction. 

Practically all the details are standard commercial articles and this reduces 
the cost, an important matter since the number of installations is consider- 
able. (Author’s abstract.) 

H. E. McComs: An automatic-starting recorder with motor-clock drive for 
use with accelerometers (illustrated).—A motor-clock-driven recorder has been 
developed for use in connection with the registration of records made by an 
earthquake accelerometer. It consists essentially of a commercial motor 
clock, equipped with ball governor, which drives a drum at the desired pe- 
ripheral speed for about 20 minutes. Lamp and cylindrical lens are provided 
for use in photographic registration. The device is automatically started by 
means of suitable trigger devices operated by means of a Braunlich contact 
accelerometer. The recorder is well adapted for shaking table tests and has 
been used in testing accelerometers of different types. (Author’s abstract.) 

After presentation of the above papers there were discussions by Messrs. 
Heck, Wricut, WENNER, L. H. ApaMs, BLakg, and Curtis. 

W. J. Humpsreys in an informal communication, White lightning and red 
lightning, stated that it is reported that white lightning starts more fires than 
red lightning and discussed the reasons why this should be true. 

G. R. Wart, Recording Secretary. 


GEOLOGICAL SOCIETY 


480TH MEETING 


The 480th meeting was held at the Cosmos Club, October 28, 1931, President 
MEINZER presiding. 

Program: Puiuir B. Kina: Permian limestone reefs in the Van Horn region 
of Texas.—In the van Horn region of west Texas, Permian rocks make up the 
greater part of the mountain crests, and in places extend nearly if not quite 
to their bases. The combined thickness of the various partial sections of the 
series exposed in the different ranges is about 7000 feet. The series overlies 
all the older formations of the region, including rocks of Pennsylvanian age, 
with great unconformity. Deposition throughout the epoch was nearly 
continuous and undisturbed by diastrophism or incursions of clastic sediments. 
Uniform conditions persisted throughout long periods of time, so that there 
is an unusual development of different lithologic and faunal facies. Changes 
between facies are abrupt both laterally and vertically, giving rise, seemingly, 
to a variety of formations and faunas in each vertical section. 
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Recent work by J. B. Knight and the writer leads to the conclusion that 
the controlling factor in the changes of facies was the persistent growth of 
long limestone reef barriers. In Sierra Diablo and the Baylor Mountains, 
where the chief studies were made, such reefs extend through a stratigraphic 
section 3000 feet thick and have been traced for a linear distance of 30 miles. 
The reefs are preserved as massive limestones and dolomites with irregular 
original dips, which contain a fauna of massive algae, sponges, bryozoa, and 
corals, as well as crinoids with large columns, and thick-shelled brachiopods. 
To the northeast the reef beds interfinger in a short distance with black lime- 
stones and siliceous shales containing ramose and frond-like bryozoa, thinly 
shelled and spinose brachiopods, and a locally developed rich molluscan fauna; 
these strata were probably deposited in the open sea. On the opposite or 
southwestern side, the reef limestones merge into thinly bedded dolomites 
abounding in fusulinids, which in turn give place to limestones and marls with 
a restricted fauna characterized by the abundance of a relatively few species 
of gastropods and brachiopods. The beds behind the reefs are considered to 
be of lagoonal origin. 

These abrupt lateral changes from one facies to another are particularly 
confusing in stratigraphic work because the lagoonal faunas are so conserva- 
tive that they have often been assigned to a Pennsylvanian age, whereas the 
open sea faunas, even near the base of the Permian have a decidedly Guada- 
lupian aspect. Future attempts to classify the Permian must recognize the 
profound influences of facies on the faunas, and a search must be made for 
fossils of limited vertical and wide horizontal range. The most promising 
groups for purposes of classification now appear to be the ammonoids and 
the fusulinids. (Author’s abstract.) 

Discussed by Messrs. GOLDMAN, Capps, and FERGUSON. 

F. C. Cauxiys: Petrography of drill cuttings from saline deposits. 

Discussed by Mr. Gruvty. 

RosBert VAN V. ANDERSON: Geology in the coast ranges of Western Algeria.— 
The Atlas ranges and intervening plateaus of northern Algeria represent a 
somewhat elevated, wrinkled and in part broken, less stable fringe, some two 
hundred miles wide, along the more stable continental mass farther south. 
Of this fringe the Tell Atlas, or Mediterranean Coastal ranges, occupying a 
belt about fifty to seventy-five miles wide on the north, form a zone of greater 
instability, in which a iarger amount and the latest accretions of deformation 
have taken place. The rocks are mainly Jurassic, Cretaceous, and Tertiary 
marine sediments, with scattered outcrops of more ancient strata, the latter 
appearing especially adjacent to the coast. 

The whole French north African continental border was uplifted in the 
post-Eocene Alpine revolution, but portions of the Tell Atlas belt were later 
subjected to repeated submergence beneath the sea, reemergence and folding. 
The Miocene-Pliocene marine section comprises a thickness of over ten 
thousand feet. The principal epochs of emergence and deformation in the 
later Tertiary were after the early Miocene, to a lesser extent after the late 
Miocene, and again during and after the Pliocene. The present structural 
and topographic forms in the coastal ranges of western Algeria are essentially 
of Quaternary origin and modification. The superficial crustal movements 
in these coast ranges have been to a considerable extent in the nature of local 
warping and compressional folding, with faults more in the nature of read- 
justments than as primary structural forms. (Author’s abstract.) 

Discussed by Messrs. Stross, Hess, Hewett, GoLpMAN, ALDEN, ATWOOD, 
and STEPHENSON. 
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481sT MEETING 


The 48lst meeting was held at the Cosmos Club, November 11, 1931, 
President MeErInzeR presiding. 

Informal Communications: H. D. Miser reported the rediscovery of 
mercury ores recently near Murfreesboro, Pike County, Arkansas. The ore 
occurs in cracks in sandstone but does not impregnate it. The ore iscinnabar 
with minor amounts of native mercury, quartz. and dickite. 

C. 8. Ross.—Associated with the cinnabar in Pike County, Arkansas, is 
the clay mineral dickite of the kaolin group. Dickite is always of hydro- 
thermal origin and its association with the mercury ores throws light on their 
origin. 

Discussed by Hess. 

R. C. Wetts reported the discovery of the new element number 87. This 
element belongs to the alkali group and was extracted from the mineral 
samarskite by Dr. Rapisch of Cornell Uiversity. 

Regular Program: F. E. Matrues.—Walter Penck’s concept of the “Primary 
Peneplain (Primarriimpf).”’ 

Discussed by Messrs. MreInzER, MERrTIE, and Capps. 

James M. Hit: A problem of beryllium ores —Within the last three years, 
or since 1928, there has developed a limited market for commercial beryl as 
distinct from gem material. The commercial beryl should contain not less 
than eight to ten per cent BeO, and at the present time is quoted at about 
$50.00 a ton. This demand arises from the discovery that a small quantity 
of beryllium added to aluminum and aluminum-magnesia alloys gives a sur- 
prising strength and corrosion resistance to the resulting metal. It appears 
that these beryllium-aluminum alloys will have a wide use in airplane con- 
struction and in several other industries where lightness and great strength 
are required. The chief markets are in Germany and the United States. In 
this country the Beryllium Development Corporation has acquired practically 
all of the patent rights covering the production of chemical beryllia (BeO) as 
well as the patents covering the various alloys. This company has expended 
considerable money in research work during the past three years and is now 
endeavoring to obtain a supply of beryl. 

So far as I know, beryl occurs only in pegmatite lenses and the chief pro- 
duction in the past has come from the New England and Piedmont states in 
the east and the Black Hills in the central part of the United States. There 
are some properties in the Union of South Africa worked primarily for gem 
beryl that are producing and shipping commercial beryl to both Germany 
and the United States. It was my privilege to examine several pegmatite 
deposits in the far west during 1929 with a view to obtaining a commercial 
supply of beryl and it seems reasonable to believe that several of these de- 
posits can produce. Probably no one mine can supply more than a few tons 
of beryl a day at best, and in most of them the production will be of the order 
of a few tons a week or month. 

My examinations showed that besides the beryl crystals, which can be 
hand sorted, there is in some deposits as much as sixty per cent of the total 
BeO content of the rock in the form of very finely divided beryl mixed with 
quartz and feldspar. Such material could not be hand sorted and wet con- 
centration methods are impossible because all of the minerals have approxi- 
mately the same specific gravity. In some experimental work I did, looking 
for a method of separation of the material, I was able to recover fifty to 
seventy-five per cent of this fine beryl in a flotation concentrate that contained 
from ten to as much as twelve per cent BeO. All of my work so far has been 
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on a laboratory scale and there are many kinks in the metallurgy which will 
have to be ironed out in commercial practice. I believe that to obtain an 
adequate supply of beryl it will be necessary to operate a considerable number 
of mines on a relatively small scale at each place and that surely some form 
of metallurgy will have to be used in order to get as much of the beryl content 
of the ore as possible. Most of these deposits will have to be operated for 
either quartz, feldspar or mica, and the beryl will be a valuable by-product. 
I have seen no deposits as yet which I believe can be operated for bery] alone. 
(Author’s abstract.) 

Discussed by Messrs. StergerR, SCHALLER, ScHAIRER, R. C. WELLS, and 
Hess. 

G. R. MANSFIELD: Further developments in the geology of southeastern Idaho.— 
Areal geologic maps (on the scale of 1:62,500) of the Ammon and Paradise 
Valley quadrangles, the latest for which field work has been completed in 
south-eastern Idaho, were exhibited together with adjoining published maps 
on the same scale. The northwest extension into these quadrangles of forma- 
tions and structures observed in the previously mapped areas was noted and 
the relation of Tertiary beds and lavas to earlier formations and structures was 
pointed out. The general relations of the Bannock overthrust were discussed 
and a number of windows at distances ranging from 9 to 25 miles back from 
the front of the upper fault block were described. Comparison was made 
with the Turner Valley area in southern Alberta, Canada, where, according to 
Moore and Link, an anticlinal structure in Upper Cretaceous beds and con- 
taining deep-lying, oil-producing Madison limestone has been shown by 
drilling to be overthrust at depth on beds of Upper Cretaceous sandstone. 
The interpretation offered by these authors for this area is that of a low angle 
thrust plane or sole accompanied by steeper subsidiary longitudinal faults. 
This interpretation is thought to add confirmatory evidence to the similar 
interpretation earlier made by the writer for the Bannock overthrust in 
southeastern Idaho. (Author’s abstract.) 

Discussed by Messrs. Hess, Butts, Kine, Parker, Miser, Hewett and 


GILLULY. 
C. H. Dans, J. F. Scuarrer, Secretaries. 


@bituary 


The death in Washington on April 12, 1932, of Louis Acricota Bauer, 
the original Director and, since 1930, Director Emeritus of the Department 
of Terrestrial Magnetism of the Carnegie Institution of Washington, removes 
from science an internationally recognised authority in the field of his special 
interest. Almost solely on account of his enthusiasm and organizing ability, 
the systematic magnetic survey of the whole Earth, both on land and on the 
oceans, has been accomplished within the past twenty-five years. This 
survey established an empirical basis for theoretical discussions of the origin 
and behavior of the Earth’s magnetic field which would otherwise have long 
remained impossible. While the recognition accorded Dr. Bauer rests largely 
on this monumental achievement, he was also among the foremost in the 
discussion of not only terrestrial magnetism but of other related geophysical 
problems, as is evidenced by the long list of titles with which he is accredited. 

Born of German-American parentage on January 26, 1865, in Cincinnati, 
Ohio, Dr. Bauer received from the University of Cincinnati the degrees of 
Civil Engineer (1888) and Master of Science (1894). After a short experience 
as computer in the Coast and Geodetic Survey under Mendenhall and 
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Schott, his interest in terrestrial magnetism was aroused and he entered 
the University of Berlin. There he came under the influence of the men whose 
names are inseparably connected with the progress of geophysical science of 
that period. The subject of his dissertation for the degree of Doctor of 
Philosophy obtained in January 1895 at Berlin was indicated in the title, 
Beitrage zur Kenntniss des Wesens der Sdkular Variation des Erdmagnetismus. 

On his return to America he served successively on the faculties of the 
universities of Chicago and Cincinnati. When the Division of Terrestrial 
Magnetism was established at the Coast and Geodetic Survey in 1899 he was 
made Inspector of Magnetic Work and Chief of Division. In 1904 he became 
Director of the Department of Terrestrial Magnetism of the Carnegie Institu- 
tion of Washington, founded as the result of his efforts. During the following 
twenty-five years the carrying out of this ambitious project was vigorously 
prosecuted under his able and zealous leadership. Its work has already 
splendidly realized his vision. 


Dr. C. Dwicut Mars, a retired research worker of the Bureau of Animal 
Industry, died unexpectedly on April 23, 1932. He was born in Hadley, 
Massachusetts, December 20, 1855. He graduated from Amherst College 
in 1877, and was awarded the degree of doctor of philosophy by the Univer- 
sity of Chicago in 1904. After graduation, Dr. Marsh spent about a year 
at the Marine Biological Laboratory at Woods Hole, Mass., and then entered 
the teaching profession. He was professor of biology at Ripon College, Wis- 
consin, for 20 years, serving also as dean of the college during the latter 
part of this period. He was responsible for the development of the Wisconsin 
Academy of Sciences, Arts, and Letters and served as president for one term. 
From 1905 until his retirement a few years ago, Dr. Marsh was associated 
with the U. 8. Department of Agriculture. 

Dr. Marsh was a member of the Phi Beta Kappa, the Washington Academy 
of Sciences, and the Cosmos Club. Some of his most important scientific 
work relates to the study of plankton life in fresh-water lakes and to the dis- 
covery of the effects of poisonous plants on animals. 
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